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Tryptophan (Try) is an essential amino acid that mainly presented in peanuts, pumpkin seeds, eggs, chocolate, sunflower seeds, bananas, cheese, red meat, sesame, milk, yogurt and dried dates. 1 In addition, Try is an alanine derivative that containing indole ring on the ß carbon which played vital role in the field of bio-chemistry. 2 Try has nutritional, clinical and biochemical importance in herbivores and humans. 3 Moreover, Try is an indispensable amino acid that used for the synthesis of protein in human body also it require to maintain the nitrogen equilibrium in adults and for the optimal growth of infants. 4 Generally, the Try was synthesized from shikimic acid or anthranilate in microorganisms and plants. 5 Nevertheless, the direct synthesis of Try through chemical reactions in our human body is unfeasible. The world health organization reported that the requirement of Try in our body is 4mg/kg for a day. 6 On the other hand, the Try was used as precursor for the synthesis of melatonin, serotonin and niacin. 7 However, the improper metabolism of Try causes some diseases such as schizophrenia, delusions and hallucinations. 8 Furthermore, intaking the overdose of Try incites the dizziness, drowsiness, loss of appetite, nausea and hepatic disease. 9 The amount of Try present in the blood is very close relation with serotonin and melatonin, thus the Try was essential for mood enhancement, antidepressant and nutraceutical. 10 As a consequence, the researchers are devoted to develop a simple, selective, sensitive and highly efficient method for the determination of Try. So far, different methods have been used for the determination of Try such as capillary electrophoresis, 11 chemiluminescence, 12 chromatography 13 and flow injection analysis. 14 However, these methods are high cost, complicated and tedious nature for the analysis. On the other hand, the electrochemical method is cost-effective, rapid, reliable and sensitive technique. 15 These illustrious advantages of the electrochemical method was attracted by the researchers. Hence, we have employed the electrochemical method for the determination of Try. Despite of these advantages, the conventional unmodified electrodes were exhibits the poor performance and oxidize the Try at higher oxidation potential. Therefore, the fabrication modified electrodes using high conductive and catalytic activity material is an important task.
Hitherto, various types of carbon nanomaterials such as graphene, fullerene (C60), carbon nano tubes (SWCNTs and MWCNTs) were * Electrochemical Society Member.
z E-mail: smchen78@ms15.hinet.net; fhemaid@ksu.edu.sa used in the electrochemical sensor and biosensor applications. 16, 17 Besides, carbon black (CB) is low cost, easily available, high surface area-to-volume ratio and higher conductive carbonaceous material. Nowadays, the CB has been used as an alternative carbon nanomaterial for the fabrication of sensor, biosensor and electrochemical devices. [18] [19] [20] [21] In addition, the higher catalytic activity and good conducting properties of the CB was utilized in super capacitor and battery applications. 22 Significantly, CB has a suitable pore-size distribution, electronic conductivity, sufficiently high surface area, specific surface area, chemical and electrochemical stability. 23 Noteworthily, the incorporation of other conductive materials with CB can improve their properties such as sensitivity and electron transfer between the electroactive species and the electrode. 24 However, the hydrophobic nature of CB leads to poor dispersibility and flocculate in aqueous solution. Therefore, much exertion was tried to improve the dispersibility and intensifying their application areas. Herein, the simple acid treatment method was adopted for the functionalization of CB. The functionalization of CB not only improve the dispersion property also improve their chemical activity through the carboxyl groups. 25 Moreover, the functionalization allows the modification with other conducting materials through the carboxyl groups for improve the charge transfer property and catalytic activity of the proposed sensor. Recent times, the biopolymers are emerging as excellent electrode materials for the fabrication of different electrochemical sensors. 26 Notably, the polymer blends have been used for the preparation of polyblend films. In which, nanoscale materials were mixed with polymerblends and used for the various applications such as opto-electronic devices, batteries in computers, electric vehicles, supercapacitors and in sensors. 27, 28 Hitherto, various types of polymers had been used in the electrochemical sensor applications such as polydopamine, 29 polypyrrole, 30 polyaniline, 31 poly-l-lysine 32 and so on. In comparison, the polyamino acid containing bio-polymers are considered as an excellent alternative materials due to their good stability, simple preparation and reproducibility. 33 The presence of multiple functional groups in polyamino acids play the crucial role in the electro polymerization process. 34 Poly-L-histidine (PLH) is one of the amino acid which containing imidazole groups (pKa = 6) on its side chains. These imidazole groups are easily reacting with the organic molecules and biomolecules forms covalent bonds. 35 In addition, the imidazole groups are opting for the immobilization of different bio-molecules. 36 For instance, the PLH functionalized multi-walled carbon nanotubes for the amperometric detection of glucose was reported. 37 Moreover,
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the PLH was electropolymerized on glassy carbon electrode for the sensitive voltammetric determination of hydroquinone. 38 A. T. Ezhil Vilian et al. reported an amperometric sensor based on PLH modified reduced graphene oxide. 39 In the present work, PLH was used to modify the f-CB surface by the electro polymerization technique. The amine groups that present in the PLH easily attached with the carboxylic acid functionalities present in the f-CB. 34 Moreover, the π-π interaction and lone pair-π interaction between f-CB and PLH played a vital role in the charge transfer process. 25 Therefore, the PLH used for the surface modification of the f-CB modified GCE.
Herein, we have proposed the amperometric sensor based on f-CB/PLH nanocomposite for the effective determination of Try. The high conductive and inexpensive CB was functionalized by the simple acid treatment method. Moreover, the rapid and simple electrochemical method was used for the electro polymerization of PLH. The fabricated electrode was applied for the electro oxidation of Try. Furthermore, the practicality of the f-CB/PLH/GCE was evaluated by analyzing the milk and human urine samples.
Experimental
Chemicals and reagents.-L-Histidine (C 6 H 9 N 3 O 2 ), LTryptophan (C 11 H 12 N 2 O 2 ), sulfuric acid (H 2 SO 4 ), nitric acid (HNO 3 ) and all other chemicals were purchased from sigma Aldrich. The phosphate buffer solution was prepared by mixing of disodium hydrogen phosphate (Na 2 HPO 4 ) and mono sodium dihydrogen phosphate (NaH 2 PO 4 ) solution (as a supporting electrolyte), then the pH was adjusted by using NaOH and HCl. All the experimental solutions were prepared using double distilled water.
Instruments.-The surface morphological study was executed by field emission scanning electron microscope (FE-SEM) JEOL-7600F and transmission electron microscope (TEM) JEM-2100F (HR). The functionalization and electropolymerization was characterized by Fourier transform infrared spectroscopy (FT-IR) JASCO CHI 1000C FT/IR-6600 and the Raman spectra was recorded using Raman spectrometer (Dong Woo 500i, Korea). The energy-dispersive X-ray spectroscopy (EDX) HORIBA EMAX X-ACT was used for the investigation of elemental composition. The electrochemical behavior of the Try and the electrocatalytic activity of the different electrocatalytic films were evaluated by the CHI1205b electrochemical analyzer containing three electrode system. In which, the GCE was performed as a working electrode; Ag/AgCl (sat. KCl) is used as a reference electrode and the platinum wire is used as a counter electrode.
Preparation of f-CB.-The CB was functionalized by simple ultrasonication method. In a typical synthesis, 20mg of CB was slowly added to the 1:3 ratio of nitric acid and sulfuric acid mixture under the stirring condition. After the continuous stirring transferred to the ultrasonicator and sonicated at 50
• C for 10 h. Then the solution mixture was centrifuged at the speed of 6000 rpm and washed with double distilled water until obtain the neutral pH. Finally, the obtained black color f-CB was dried in oven at 60
• C and it was used for the electrode fabrication.
Fabrication of f-CB/PLH modified GCE.-Initially, 5 mg of f-CB was re-dispersed in 5mL of double distilled water and sonicated for 1 h to obtain the well dispersed solution. Later, the well dispersed f-CB solution about 7 μL was drop casted on the surface of pre-cleaned GCE. Afterwards, the f-CB/GCE was dipped in the deposition solution containing 0.001 M of l-histidine in 0.1 M pH-7 PB solution at a scan rate of 100 mV/s. The potential was applied the ranges between -1.2 to 2.0 V up to 15 successive cycles for the electropolymerization of l-histidine. After the completion of electropolymerization, the electrode was rinsed with the water and dried at 50
• C room temperature. Moreover, the f-CB/PLH modified GCE was used for the electrochemical determination of Try. The pictorial representation of the electrode fabrication and application was illustrated in Scheme 1.
Results and Discussion
Surface morphology analysis of f-CB/PLH nanocomposite.-The surface morphology of the different electrode materials were analyzed by FESEM and optical microscope. Fig. 1A shows the aggregated and spherical shaped nanostructures for CB. On the other hand, the small spherical particles are interconnected together and forming porous channels with rough outlayers (Fig. 1B) . During the functionalization, the oxygen functionalities were introduced on the surface of the CB which helps to forming interconnected porous channels through the electrostatic interactions with neighbors. Fig. 1C exhibited the FESEM image of the electropolymerized PLH on the electrode surface. It can be seen, the uniform rough surface layers were covered the electrode surface. Likewise, the surface of the f-CB was covered by PLH due to the electropolymerization (Fig. 1D) . The π-π interaction and lone pair-π interaction between f-CB and PLH was play a key role in surface attachment. In addition, the optical image of the bare GCE and f-CB/PLH modified GCE was displayed in Figs. 1E and 1F. As can be seen, there is no significant changes were observed on the bare GCE surface. Nonetheless, the spherical shaped structures with rough surface were observed with various sizes. The obtained optical image structure of the modified electrode was very close to the FESEM image of the f-CB/PLH nanocomposite. These results confirm that the electropolymerization was takes place on the surface of the electrode.
Moreover, the TEM was used to investigate the structural changes of the as prepared nanocomposite. Figs. 2A-2C shows the TEM images of the f-CB/PLH at different magnifications. The obtained TEM images were revealed that the PLH layer was covered on the surface of f-CB. In addition, the elemental composition of the as prepared f-CB/PLH was investigated and obtained EDX spectrum was displayed in Fig. 2D . The strong signals for carbon, oxygen and nitrogen with the weight percentage of 68.99, 26.78 and 4.23% were observed. The signal for the nitrogen confirms the electropolymerization of PLH on the surface of f-CB.
Raman, FT-IR and EIS spectra.-The Raman spectra were used to differentiate the disordered and ordered crystal structures of the carbonaceous materials and their composites. Fig. 3A exhibited the Raman spectrum of CB, f-CB and f-CB/PLH composite. The G band was used to characterize the sp 2 network of the carbon material and the D band used to explain the structural defects caused by the introduction of oxygen functional groups and hetero atoms into the carbon network. 40, 41 The Raman spectrum of the CB exhibited the D and G at 1349 cm −1 and 1574 cm −1 with the intensity ratio (I D / I G ) of 0.70 for CB. On the contrary, the f-CB shows the improved D band at 1343 cm −1 and G band at 1589 cm −1 with the intensity ratio of 1.01. In the comparison, the changes in the intensity ratio and Raman shift were observed. The variation in the I D /I G ratio could be explained the degree of changes in the network of sp 2 and sp 3 bonded carbons, as well as the degree of disorder and defects of the graphitized structures. 42, 43 Besides, the f-CB/PLH composite shows the D and G band at 1346 cm −1 and 1592cm −1 with the intensity ratio of 1.00. These results demonstrate the successful functionalization of CB by acid treatment and formation of the f-CB/PLH composite. Moreover, the FT-IR spectra were used to identify the functional moieties which present in the as prepared materials. Fig. 3B displays the FT-IR spectra of CB, f-CB and f-CB/PLH. Generally, the CB was formed by the arrangement of elemental carbon which has a quasigraphitic and amorphous structure. The FTIR spectrum of the pristine CB exhibited the peak at 1652 cm −1 for C=C stretching vibration. On the other hand, the acid treatment process introduced some carboxyl groups on the surface of CB. The functionalization was confirmed by FTIR, whereas the f-CB exhibited the strong peak at 3310 cm −1 for -OH stretching vibration and other intense peak was appeared at 1630cm formation of the f-CB/PLH composite. 44 Electrochemical impedance spectroscopy (EIS) is one of the important technique which is used to evaluate the electrical property changes of the different modified electrodes. The Nyquist plot is used to explore the impedance of the modified and unmodified electrodes in 0.1 M KCl containing 5 mM Fe (CN) 6 3−/4− with the frequency range of 100 mHz-100 kHz. This plot explains the two different types of regions, one is linear region and another one is semicircular region. The linear region response at lower frequencies represents the diffusion process and semicircular region response at higher frequencies represents the electron-transfer resistance (R et ). 44 Fig . 3C demonstrates the Nyquist plot of the bare GCE, f-CB/GCE, PLH/GCE and f-CB/PLH/GCE. Due to the poor conductivity, the bare GCE exhibited large semicircle with the higher R et value about 333 . On the other hand, the R et value was decreased to 73 when the electrode surface was modified with PLH. Interestingly, the f-CB/GCE shows vey lower R et value about 5.6 confirms its superconductive nature. Moreover, our proposed modified electrode f-CB/PLH/GCE exhibited the R et 4 . The conductivity of the bare GCE, f-CB/GCE, PLH/GCE and f-CB/PLH/GCE is 8.27 × 10 −5 , 1.115 × 10 −4 , 1.046 × 10 −4 and 1.153 × 10 −4 S/cm. These results clearly indicate that our proposed modified electrode has higher conductivity and it would be a good electrode material for the detection of Try.
Electrocatalytic activity of tryptophan.-The electrochemical behavior of Try was evaluated by CV at different electrocatalytic films. Fig. 4A shows the CV curves of bare GCE, PLH/GCE, f-CB/GCE and f-CB/PLH/GCE for the addition of 100 μM Try in 0.1 M PB solution at 50mV/s scan rate. The bare GCE exhibited the weak oxidation peak for Try oxidation and this peak was appeared in higher oxidation potential at 0.82V. In the case of PLH/GCE, the oxidation potential of Try was moved to negative side and appeared at 0.68 V with improved anodic peak current response. An enhanced peak current about 5.62 μA was observed for f-CB/GCE also the oxidation peak potential was further shifted to 0.66 V. Interestingly, the f-CB/PLH/GCE exhibited an enhanced electrocatalytic activity for the oxidation of Try. The irreversible anodic peak at 0.64 V with the increased anodic peak current about 18 μA was observed. In addition, the different concentrations of Try from 50 to 300 μM were added at f-CB/PLH/GCE in 0.1 M PB solution (Fig. 4B) . Whereas, the new peaks were formed when increase the concentration of Try. For the addition of 50μM Try, the anodic peak O 1 was appeared at 0.65 V due to the oxidation of Try produces the 3-methyleneimine. Meanwhile, the anodic peaks O 3 , O 4 and the cathodic peak R 1 was appeared at 0.27, 0.36 and 0.02 V for the addition of 100 μM Try. Additionally, the anodic peak O 2 was observed at 0.10 V during the addition of 150 μM.
Generally, the electro oxidation of Try exhibits only one anodic peak. Herein, three oxidation and one reduction peaks were observed. Notably, there are no reports were available to explanation about those additional peaks aroused for the electrooxidation of Try. Y. Oikawa and O. Yonemitsu reported about the selective oxidation of the side chain at C-3 of indoles. 58 According to that report we have assumed that water act as nucleophile thus gives a product of indoline. Then the indoline undergoes the redox process which gives the product of 2, 3, dihydro-3-hydroxytryptophan, hence, the redox peaks R 1 and O 2 was raised. Again, the nucleophile attacks the indoline which gives the product of 2, 3-dihydroxyindol. Then this 2, 3-dihydroxyindol undergoes the oxidation gives the product of dioxindolylalanine, hence, the anodic peaks O 3 and O 4 was raised. However, in this work we have focused only the anodic peak O 1 corresponds to the Try oxidation. The anodic peak current responses of the O 1 increased for the each additions of Try. These results confirm that the f-CB/PLH is an excellent electrode material for the electro oxidation of Try.
Effect of scan rate and influence of pH.-The effect of scan rate was evaluated by CV in 0.1 M PB solution at f-CB/PLH/GCE. Fig. 5A displayed the CV response of 100μM Try at different scan rate ranges from 20 to 200mV/s. It can be seen that the anodic peak current of Try was gradually increases upon increasing the scan rates from 20 to 200mV/s and the peak potential was slightly shifted to positive side. The size of the diffusion layer and time taken to record the scan was playing an important role in the peak current and peak potential. At slower scan rates, more time was taken to record that influences the size of the diffusion layer formation above the electrode surface. The diffusion layer was growing much further from the electrode at slow scan rates rather than fast scan. As a consequence, the flux to the electrode surface was differed with respect to the scan rates. Moreover, the current is proportional to the flux toward the electrode magnitude. Hence, the current was increases and potential was shifted when increase the scan rates. The obtained anodic peak current responses were plotted against the square root of the scan rate (Fig. 5B) . As shown in Fig. 5B , the peak current values had a linear relationship with square root of the scan rates. The linear regression equation y = 0.9358x + 5.327 with the correlation co-efficient R 2 = 0.990 was obtained. These results suggested that the electro oxidation of Try on f-CB/PLH/GCE is diffusion controlled process. Furthermore, Fig. 5C shows the linearity between the log of the scan rates and anodic peak potential. It can be seen that the shifted potential values are linear relationship with the log scan rates and obtained linear regression equation was given below:
According to the Laviron model, the charge transfer co-efficient (∝) was calculated and this could be explained by the following equation:
The charge transfer co efficient (∝) was calculated about 0.85 which is good agreement with the previous reports. 45 The influence of the pH is one of the important operational parameter in electrochemical studies that play key role in the peak shape, electrochemical response and peak potential of Try. Fig. 6A presented the CV response of 100 μM Try in different pH values (3, 5, 7, 9 & 11) at f-CB/PLH/GCE. Whereas, the anodic peak current response was increased from the lowest pH = 3 to pH = 7 and it was decreased from 7 to 11. Moreover, the anodic peak potential was shifted toward the negative side when increase the pH values. As shown in Fig. 6B , the maximum peak current value observed for pH-7. Therefore, we have chosen the pH = 7 for the electrochemical detection of Try. The maximum peak current response obtained at pH = 7 possibly due to the π-π stacking between aromatic rings of Try and PLH. 46 Furthermore, Fig. 6B shows the plot between different pH versus anodic peak potential. The obtained linear regression equation is E pa = 0.045x + 0.992 (R 2 = 0.975). Herein, the slope value 45 mV pH −1 was obtained which implies that there are an equal number of protons and electrons involved in the electro oxidation of Try. Fig. 7A , the anodic peak current response was increased from the minimum drop casting volume of 3 μL to 7 μL and then gradually decreased from 7 μL to 11 μL. Therefore, 7 μL was used as the optimum volume for the further electrochemical experiments. On the other hand, Fig. 7B demonstrates the obtained peak current responses of different electro-polymerization cycles experiment. As can be seen, the peak current response raised gradually from 5 to 15 cycles. Thereafter, the peak current response was decreased from 15 to 25cycles. When increasing the polymerization cycles, the PLH was gradually deposited on the surface of f-CB/GCE. Consecutively, the thickness of PLH layer becomes thicker on the f-CB/GCE. Therefore, it makes some internal resistance between the substrate and electrode which increase the resistance at electrode-electrolyte interface. As a result, the oxidation signal was decreased after 15 deposition cycles. Table I . In comparison, our proposed sensor exhibited the excellent electrocatalytic activity for the electrochemical determination of Try.
Selectivity, operational stability and reproducibility.-The selectivity is one of the very important parameter in electrochemical sensor and biosensor applications. Herein, the selectivity of the f-CB/PLH/GCE was examined by amperometric (i-t) technique toward the detection of Try. The common interfering substances, metal ions and biological compounds were used in this selectivity study. Initially, we have added the 20 μM of Try (a) then 100 fold excess of inorganic metal ions for Cu
− (i) and 50-fold excess of biological compounds such as glucose (j), dopamine (k), sucrose (l), uric acid (m) and ascorbic acid (n). Finally, added the 5-fold excess of co-existing interfering compounds such as methionine (o), cysteine (p), serine (q), leucine (r), L-tyrosine (s), L-arginine (t) and L-lysine (u), which all substances are suitable for the electrochemical interference studies. Fig.  9A presented the amperogram for the interference study where the Try only shows the response and other interfering species exhibited the negligible response. The different oxidation potential of the analytes, structure of the molecule and interactions between the electrode and analyte are plays the role in the selectivity of the sensor. Hence, the f-CB/PLH/GCE detects Try with good selectivity. On the other hand, the anti-fouling nature of the modified electrode was investigated that affect the long term use of the electrode. The fouling was occurred due to the interaction and accumulation of the oxidizing species on the electrode surface that affects the sensitivity of the electrode. Hence, the stability of the sensor was evaluated by amperometric technique and the obtained amperogram was displayed in Fig. 9B . After the continuous running up to 2500 s retain 92.78% from the initial current. Moreover, the storage stability of the sensor was evaluated for two weeks and the results shows only 8% decreased from the initial current value. The presence of more functional groups on the surface of as-prepared material assists to for the attachment with electrode surface by electrostatic interaction. These result shows that the good anti-fouling nature and good stability of the modified electrode. Furthermore, the reproducibility studies exhibited that the appreciable RSD values about 3.2%. These results are the good evidence for the good electrochemical performance of the proposed sensor.
Determination of Try in milk and human urine samples.-The practical feasibility study is an important parameter in electrochemical sensor and bio-sensor applications. Owing to the presence of co-existing molecules in biological samples influence the peak current response of the target analyte. Thus, the determination of Try in real samples was demonstrated using f-CB/PLH modified electrode in milk and human urine samples by spiking the known concentration of standard Try. Prior to the analysis, the real samples were prepared based on the previous reports and diluted with the 0.1 M PB solution then used directly. 4, 47 The obtained recovery results for the determination of Try was displayed in Table II . These appreciable recovery results clearly indicate the practical feasibility of the modified electrode. Furthermore, these results suggested that this detection method is suitable and favorable for the determination of Try in biological and food samples.
Conclusions
In conclusion, the f-CB/PLH composite was prepared by simple and rapid electro polymerization method. The as-prepared material was analyzed by field-emission scanning electron microscopy, optical microscope, energy dispersive X-ray spectra, transmission electron microscope, Fourier transform infra-red spectroscopy, Raman spectroscopy and electrochemical impendence spectroscopy (EIS). Moreover, the f-CB/PLH modified GCE was successfully applied for the electrochemical determination of Try. Interestingly, the lowest detection limit 0.008μM with the wide linear response ranges from 0.025-124.98μM and appreciable sensitivity 1.126 μA mM −1 cm −2 was obtained. Furthermore, our proposed sensor material exhibited the good selectivity, well reproducibility and repeatability. The practical feasibility of the sensor was demonstrated in milk and human urine samples.
